Rebaudioside A (RA), a natural high potency sweetener, is isolated from the leaves of the Stevia rebaudiana plant, and has potential for wide use in our diet today. To investigate the effect of RA on the changes of microbial diversity in animal intestinal tract, the viable cell count and denaturing gradient gel electrophoresis (DGGE) method were used to monitor the microbial number and species in vivo, and before that, we also evaluated its influence on the growth of some selected bacteria in vitro. Our results indicated that the RA had little or no effect on the growth of E. coli O157 H7, S. typhimurium, L. monocytogenes and B. longum, while could promote the growth of L. plantarum and inhibit that of S. aureus in vitro; moreover, the viable cell count and DGGE results confirmed that the RA posed little pressure on the composition of total bacteria, enterobacteria and lactobacilli in vivo. In conclusion, RA posed little pressure on the growth and the composition of microbes, suggesting it is safe for gut microbes.
Introduction
Rebaudioside A (RA) is a kind of steviol glycoside obtained from Stevia rebaudiana Bertoni and has been applied widely to food and beverage industries in Japan, Korea and South America, and acted as dietary supplements in the United States (JECFA, 2005) . RA is a natural sweetener, whose sweetness is 250 _ 450 times than sucrose, and is safe for diabetes (type II), phenylketonuria, and Candida patients (Geuns, 2010) . Structurally, one molecular RA is composed by one main steviol and four glucose, and metabolism studies showed that it is metabolized to steviol which is the safety evaluation form of RA for the risk assessment (Carakostas et al., 2008) . Previous studies also indicated that RA shares similar pharmacokinetic characters in mammals, such as pigs, rats and humans (Wheeler et al., 2008) .
RA has been a focus for decades, its structure (Steinmetz and Lin, 2009; Upreti et al., 2012) , pharmacokinetic (Wheeler et al., 2008) , stability properties WÖlwer-Rieck et al., 2010) , clinical safety (Hsieh et al., 2003) , and toxicologies, including chronic toxicity Nikiforov and Eapen, 2008) , genotoxicity (Williams and Burdock, 2009 ), carcinogenicity (Toyoda et al., 1997; Xili et al., 1992) , reproductive and developmental toxicity had been fully studied. In addition, some beneficial functions of RA, including nontoxicological effects, antioxidant, antihypertensive, anti-Inflammatory and immunomodulatory activities, and antihyperglycemic activities had also been proved (Boonkaewwan et al., 2006; Chan et al., 2000; Gregersen et al., 2004; Jeppesen et al., 2002; Lee et al., 2001; Tadhani et al., 2007) . However, few studies were carried out to study the effects of RA on the microbial diversity in the gastrointestinal tract.
In this study, the culture-dependent and -independent methods were applied to study the influence of RA on the intestinal major bacteria in vivo, and its effects on some bacteria were also evaluated. As a powerful tool, denaturing gradient gel electrophoresis (DGGE) is based on the direct analysis of DNA extracted from the microbial environment, allowing us to recover the full diversity of the enriching bacteria and to characterize the predominant bacteria in the culture at the species level (Chen et al., 2012) , and had been widely applied to monitor the microbial diversity in soil, polluted water, fermented food, wines and animal intestinal tracts. And the combination of viable cell count and DGGE will better evaluate the effect of RA on the intestinal microbiota.
Materials and Methods
Bacteria strains and RA preparation Six common bacteria, (Chen et al., 2011b) .
DNA extraction and PCR amplification Total genomic DNA
from the Day 28 faecal samples (five samples for each group) was extracted according to the bead-beating method (Donskey et al., 2003) . After extraction, the total DNA was precipitated with 80% 
Target organism Primer Sequence(----) Reference
Total bacteria -ATTACCGCGGCTGCTGG- (Chen et al., 2011a; Chen et al., 2011b; Jeyaram et al., 2008; Wang and Lee, 1997) 518
F, forward primer; R, reverse primer; +, GC clamp (CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGG) (CWBIO, Beijing, China) in a Biosci PCR system. For the PCR amplification of microbial population, the primer pairs used in this study were listed in Table 1 . Based on the manufacturer's instruction, the PCR reaction (25 µL volumes) used 12.5 µL 2 × PCR Taq MasterMix, 0.5 µL of each primer, and 0.5 µL 10-fold diluted DNA template and lastly 11.0 µL RNase-Free Water. The samples were amplified in a Biosci PCR system using the same procedure, with 30 cycles of 94℃ for 30 s, 56℃ for 30 s, and 72℃
for 30 s. Aliquots of 5 µL were analyzed by electrophoresis on anagarose gel (1.0%) to check the size and amounts of amplicons.
Denaturing Gradient Gel Electrophoresis (DGGE) analyze
Amplicons described above were used for sequence separation by software. During processing, the background was subtracted, differences in the intensity of the lanes were compensated during normalization and the correlation matrix was calculated. Clustering was done with Pearson correlation and the un-weighted pair group method with arithmetic mean (UPGMA) method (Chen et al., 2011a) . When analyzing genetic diversity, Richness (S), ShannonWiener indices (H') and Evenness (E) were used according to the following equations (Luo et al., 2004) :
Where pi is the ratio between the ith band intensity and the total intensity of all bands, S is the total number of bands in each sample.
Sequencing of DGGE bands
The bands of interest DNA were excised from gels using a sterile blade, poured into 20 µL distilled deionized water, and was kept overnight at 4℃ to allow DNA diffusion out of the polyacrylamide matrix. These DNA samples were used to perform secondary PCR amplifications using the homologous primers but without a GC clamp under the conditions indicated above. The PCR products were purified using the QIA quick PCR purification kit, sub-cloned with the pMD19-T vector system I (Takara Biotechnology) according to the manufacturer's instructions, transformed into the competent cell of Escherichia coli DH5α, and sequenced using in Sangon Biotech Co. Ltd (Shanghai, China). These results were blasted in NCBI website.
Statistical analysis All of the data are reported as mean ± SD or mean, with n indicating the number of experiments. Results were analyzed using the SPSS 13.0 (SPSS Inc., Chicago, USA) software by means of independent one-way ANOVA tests in each sampling point. The differences among the three mice groups were assessed by means of the LSD (Fisher's Least significant difference) multiple comparison test ( p < 0.05). Fig. 1-A, -B, -C, -F); but it seemed that RA could decrease the number of S. aureus in vitro and showed an concentration-dependent manner, which means that 0.5% RA can significantly inhibit the growth of S.aureus ( p < 0.05), while 1.0% RA is extremely significant ( p < 0.01) from the middle lag to steady phage ( Fig. 1-D) . These results were also observed by Ghosh et al. and Jayaraman et al. who found that various solvent extracts of Stevia rebaudiana leaves could inhibit some bacteria and fungal, but no explanation was provided (Ghosh et al., 2008; Jayaraman et al., 2008) . In addition, some researchers mentioned that the secondary metabolite "Stevioside" of RA may be responsible for the antimicrobial activity (Debnath, 2008) . No differences were observed on the growth of B. longum as well ( Fig.   1-E contributing to normal immune function (Olszak et al., 2012) .
Results and Discussions
Some diseases, such as obesity, malnutrition, inflammatory bowel, neurological disorders and cancer would occur if the microbial balance was disrupted. As a food additive, RA should not disrupt the normal bacterial balance, or should not promote the growth of pathogens.
To evaluate the effects of RA on the viable number of total anaerobic bacteria, enterococci, enterobacteria, and lactobacilli, some selected media were used in this study. The viable count results indicated that no obvious changes were observed in groups of total anaerobic bacteria, enterococci, enterobacteria, and lactobacilli both in the LD RA and HD RA groups (Fig. 2) , indicating that RA did not significantly influence the intestinal microbiota composition after administration and these results was in accordance with the previous studies in vitro (Gardana et al., 2003) . (Table 2 and Fig. 3-A) . The analysis of un-weighted pair-group method with arithmetic means (UPGMA) showed that all the mice in the control group clustered into one cluster, and possessed the minimum similarity of 76%, which guaranteed the stability of the control group; moreover, the minimum similarity of LD RA group (82%) and HD RA group (79%), as well as the minimum similarity among control group, LD RA group and HD RA group (69%) had ensured the slight influence of RA on the total bacteria in mice intestine ( Fig. 3-B) . In addition, the genetic diversity indices showed that no significant discrepancy was observed in species ND, not detectable; Sequences were compared with those held in the GenBank database using the local BLAST program Fig. 3 . DGGE profile (A) and UPGMA analysis (B) of the fecal microbiota using universal primers. C1-C5 refers to the five fecal samples from control group, L1-L5 from LD RA group and H1-H5 from HD RA group after intervention 28 days. The corresponding strains were seen in Table 2 ; and the diversity index were shown in Table 3 . . DGGE profile (A) and UPGMA analysis (B) of the fecal microbiota using enterobacteriaceae primers. C1-C5 refers to the five fecal samples from control group, L1-L5 from LD RA group and H1-H5 from HD RA group after intervention 28 days. The corresponding strains were seen in Table 2 ; and the diversity index were shown in Table 4 . DGGE analysis of enterobacteria Enterobacteria are a large gram-negative bacilli group that are often sojourned in the human and animal intestinal. Enterobacteria belong to the common microbiota in the intestinal tract, and would become the pathogens and caused disease accompanied with the changes of inner environments (Paterson, 2006) . In our study, the DGGE results of enterobacteria showed that the band 1 (Shigella flexneri) and 6 (Uncultured bacterium) had occupied the dominant positions and received little change (Fig. 4-A and Table 2 ) among the three groups; however, the band 2 (Stenotrophomonas maltophilia), 3
DGGE analysis of total bacteria
(Pseudomonas geniculata), and 4 (Mucispirillum schaedleri)
possessed the dominant position in HD RA group which indicated that the RA had increased their amount in mice intestine tract. The result of UPGMA showed that the similarity among these groups was beyond 61.0% (Fig. 4-B) and the diversity indices showed no significant changes were observed among the S, H' A and H'max B index (Table 4) .
DGGE analysis of lactobacilli
For human, the lactobacilli play an important role in gastrointestinal tract, which maintain the intestinal health and regulation the immunity of the host (Gorbach, 1990) . In this study, our DGGE results indicated that band 1 (Table 2 and Fig. 5-A) .
However, the results of diversity indices in HD RA group suggested that the species richness was significant higher than that of the control group when administrated RA ( p < 0.05), and the maximum Shannon-Wiener index (H'max B ) also received a significant increase ( p < 0.05) ( Table 5 ). It seemed that the RA can increase the diversity of probiotics, which will benefit the health of the host. Accordingly, the minimum similarity of HD RA group and control group, and LD RA group is only 38% (Fig. 5-B) , while the minimum similarity of control group and LD RA group is as high as 60%. This suggested that the low dose of RA slightly changed the lactobacilli diversity, while the high dose of RA will significantly increased the lactobacilli species, which may pose a positive effect on host health.
Conclusion
In the present study, the combination of viable cell count and DGGE was firstly used to monitor the influence of RA on gut microbiota, and our results indicated that RA cloud not alter the diversity of gut microbiota efficiently but maybe affect the number of some bacterial genus in vivo. These results may be due to the degradation of RA into steviol and glucose by gut microbes in the . DGGE profile (A) and UPGMA analysis (B) of the fecal microbiota using lactobacilli primers. C1-C5 refers to the five fecal samples from control group, L1-L5 from LD RA group and H1-H5 from HD RA group after intervention 28 days. The corresponding strains were seen in Table 2 ; and the diversity index were shown in Table 5 . 
